Successful and timely completion by Dissertation Research (DR) students (i.e. research Masters and PhD) is increasingly important for students, supervisors, the university, and funding bodies alike. Previous studies highlight the importance of contributing factors, which can be classified according to their relating to the student, the supervisory arrangement, or the research infrastructure. However, the relative importance of specific factors for individual students can vary markedly across studies. In recognition of this fact, a survey of DR student completion rates and candidature duration within an Australian Faculty of Sciences (i.e. the author's home institution and broad field of research activity) was conducted. Available information was extracted for a 10-year window (1996-2006) from faculty-level and university-level databases and included data relating to demographics, field of study, attendance mode, scholarships held, and duration of candidature for up to 1688 students. The results suggest an attrition rate of 33% with shorter completion times being seen within the School of Chemistry & Physics and among male and/or international students with scholarships. Possible predictors of HRD student success are considered, thereby beginning to provide a framework within which to develop practices to increase retention and completion rates in other areas of the faculty.
Introduction
The training of Doctoral and Masters research students (here referred to as Dissertation Research, [DR] students), collectively referred to as Higher Degree Research (HDR) students in Australia, is a core part of the activities of any research intensive university. Such students not only represent a cost-effective means for universities to achieve their research outputs, but are also an investment in the research capacity of the future. In Australia, the importance of DR students is recognized by the major national research funding body, the Australian Research Council (ARC). For the ARC, a key objective associated with the management and allocation of research funding is to "Contribute to high-quality research training and foster career opportunities for Australia's best and brightest researchers" (Australian Research Council, 2006) . The current strategic plan of the ARC seeks to expand this capacity further (Australian Research Council, 2008) . Despite this importance, and the investment of considerable resources by the host university, the trainMaterial published as part of this publication, either on-line or in print, is copyrighted by the Informing Science Institute. Permission to make digital or paper copy of part or all of these works for personal or classroom use is granted without fee provided that the copies are not made or distributed for profit or commercial advantage AND that copies 1) bear this notice in full and 2) give the full citation on the first page. It is permissible to abstract these works so long as credit is given. To copy in all other cases or to republish or to post on a server or to redistribute to lists requires specific permission and payment of a fee. Contact Publisher@InformingScience.org to request redistribution permission.
ing of DR students is a problematic undertaking and not all students complete in a timely manner, if at all.
Apart from the failure of the students to fulfill their study and career aspirations, the implications of protraction or non-completion are numerous: i) the research program and future funding bids of the supervisor may be compromised, ii) losses to the University associated with the recruitment and provision of necessary research infrastructure and supervision are substantial, iii) the earnings of the university through the Australian Federal Government's Research Training Scheme (worth tens of millions per year for many Australian universities) may be reduced since these are in part determined by DR completions, and iv) through their contribution to various rankings for universities (e.g. "Australia's Good Universities Guide," 2009), DR completions and student satisfaction are becoming increasingly important in attracting students in an highly competitive, international, tertiary education sector.
Reports of attrition rates are numerous and differing, ranging from lows of 10-20% to an apparent extreme of approximately 85% (reviewed by Bourke, Holbrook, Lovat, & Farley, 2004) . From such studies, it is clear that these values are subject to a number of variables. Thus, when considering the discipline area, the arts and humanities generally see higher attrition rates (45-51%), while the sciences observe rates of 30 -40% (Elgar, 2003; Martin, Maclachlan, & Karmel, 1999; Wright & Cochrane, 2000) . Regardless of the precise value, it is doubtful that students, universities, and governments alike would find these figures acceptable. Of course, the reasons behind slow or non-completing DR candidates are numerous and complex.
In Australia, the path to a PhD from an undergraduate degree typically occurs via a research Honours degree. The latter may be a distinct, one-year add-on after an undergraduate degree of three or more years, or it may be incorporated into a four year undergraduate degree. In some cases, a research Masters degree may be undertaken in place of or after the Honours degree. In reality, the vast majority of Masters candidates will, after their first year of study, upgrade to a PhD program. Therefore a Masters is a relatively uncommon exit point for Australian students. Since the Honours and/or Master degrees often comprise some coursework, it is usual for the PhD program to be entirely research-based and include course work only if a specific shortfall in the candidate's background has been identified early in the candidature. PhD students are expected to submit their thesis within 3 -4 years of full-time study. Increasingly, scholarships for full-time MSc or PhD study are only available for 2 or 3 years, respectively, with the possibility of a 6-month extension in some cases.
It is important to recognize that the higher degree is inherently challenging as predicated on the fact that the work must result in a significant original contribution to knowledge in the chosen discipline. In the Sciences a DR student is directly involved in research at the frontiers of current knowledge -essentially uncharted waters with no guarantee of (technical) success. While anecdotal evidence suggests that serious technical difficulties are one common reason for candidature to be protracted, such failures need to be catastrophic before a student does not complete at all. Beyond such failures, a review of the literature suggests there are 3 groups of factors which contribute to timely DR completion (Figure 1 ). These are: 1) the quality and personal situation of the student including academic ability, financial situation, language skills, interpersonal skills, and persistence vs so-called self-sabotaging behaviors (reviewed by Kearns, Gardiner, & Marshall, 2008) , 2) the nature and quality of supervision, including frequency of meetings, support from other students and research colleagues, and 3) the resources and facilities available to the project (e.g., culture collections, analytical facilities, necessary expertise, etc.). Without all components there is greater likelihood that the project collapses. Which factors are most important in determining attrition or completion vary by the individual setting of each student and are further complicated by the interconnectedness of the three classes of factors (reviewed by Wright, 2003) . Nevertheless, in order to facilitate timely DR completion contributing factors must be identified.
In their study of 3579 DR students working towards a PhD between 1984 and 1993 in the UK, Wright and Cochrane (2000) considered gender, age, faculty cluster (e.g. Sciences vs Arts), part-time vs full-time study modes, student origin, source of funding, class of first degree, and whether the students were graduates from within the host university. Key findings were that students most likely to submit their thesis within the 4 years were those that were studying a science-based subject, had a high grade first degree, held research funding and, interestingly, were international and studying part-time. Gender appeared unimportant, as found previously by Seagram, Gould, and Pyke (1998) .
The PhD Completion Project, undertaken by the Council of Graduate Schools (2008), examined PhD completion rates after 7 and 10 years for some 19,000 students from 24 North American institutions. The data reiterated the tendency for higher completion rates to be seen among students in the Sciences, Engineering, and Mathematics fields. Some gender and ethnicity effects were evident in this study, as were effects due to citizenship (i.e. domestic vs. international). In a subset of data from this project derived from Duke University (Siegel, 2005) , high entrance scores were seen to predict success, while support in the form of mentoring and financial aid was also important. At a prestigious school, all entrance scores were considered high, hence factors such as the quality of the student-advisor relationship and the opportunity of the student to integrate into the academic and social life of the institution were highlighted through interviews with 20 mathematics doctoral students (Earl-Novell, 2006) . In a study of Information System doctorates, the extent to which the student felt a sense of isolation, was identified as a key cause of attrition and provided the impetus for development of a targeted solution which contributed to a higher than average graduation rates (Ali & Kohun, 2006; 2007) .
Equivalent, comprehensive studies are not available for Australian universities. In his commentary on experiences at the Australian National University (ANU) including 150 confidential exit interviews with students between 1994 and 1998 , Spear (1999 concluded that the graduate experience at ANU was "strongly positive." In their 1999 report, Martin et al. provided a snapshot of the progress of 5552 non-overseas DR students who commenced in 1992 in one of 34 Australian institutions. Completion rates were similar for males and females, and higher for full-time and younger (i.e. <24 years of age) students. An important conclusion from this study was that a significant proportion of the variation in predicted completion rates was explained by university specific factors (Martin et al., 1999) . With these rates of completion ranging between 20 and 66%, it is clear that local data will be an essential part of the attempts of any institution and faculty, if not department, to improve completion rates of its own DR students. In defining the parameters linked with timely completion, slow completion and attrition, it will further be possible to determine which attributes of students, the supervisory arrangement, and the resourcing of the DR program are linked with success and which are not. The ultimate goals are to define more appropriate resourcing levels, better criteria for selection of students or, as reported recently (Manathunga, 2005) , the development of localized strategies for improving the retention of students experiencing difficulties.
This study attempts to provide such data for DR students in the Faculty of Sciences at the University of Adelaide across a 10-year period spanning 1996-2006. Parameters considered include completion rates, candidature duration, amount of leave taken, the school with which the students on-time DR completion S t u d e n t q u a l it ie s a n d p e r s o n a l s it u a t i o n
Research facilities and resources S u p e r v i s o r y a n d s c h o l a r ly e n v i r o n m e n t on-time DR completion S t u d e n t q u a l it ie s a n d p e r s o n a l s it u a t i o n
Research facilities and resources S u p e r v i s o r y a n d s c h o l a r ly e n v i r o n m e n t were associated, their gender, age at enrolment, country of birth, and designation as domestic or international students.
Method

Data Sources
Data used in this study were extracted (as tab delimited files) from two key information systems (PeopleSoft ® and Data Warehouse ® ) in use by the University of Adelaide at the time when this information was collected between May 11 th and October 23 rd , 2006. A total of 1688 unique entries were found for the Faculty of Sciences across the merged datasets. Entries were imported into Microsoft Office Excel 2003 wherein they were sorted and the required statistics gathered for the headings detailed in the Results section. At the conclusion of any sorting exercise a random selection (typically 6 entries) was checked for completeness and absence of errors. Entries included information under one or more of the following headings: Student ID number, date of birth, gender, domestic vs. international status, country of birth, full-time vs. part-time attendance, department and school, candidature/scholarship start date, submission date, completion date and leave taken.
Limitations
Approximately 20% of entries contained values under all of the above headings. In several instances multiple entries were missing. Thus for some students who had completed, no dates were available for the start of candidature, submission of a thesis, or completion of degree requirements. Where a specific start date was lacking, a nominal semester start date of either March 1 st or August 1 st was adopted according to other indications of the commencement semester. Similarly, in instances where a thesis submission date was recorded but a completion date was not, an average value for the time elapsing between thesis submission and completion (designated the 'revision time') was calculated from available information and applied to incomplete entries. While it is recognized that in some cases the absence of a completion date is a genuine reflection of a failure of the student to satisfactorily complete the revision of an examined thesis or otherwise meet the requirement of the award, these cases are likely to be rare. Where insufficient data, from any source was available to justify retention of the student in an analysis under a given parameter/heading, the entry was excluded. This allowed the maximum number of students to be considered in each case, however, it meant that the totals reported across the results tables and figures were not necessarily the same.
Results
Demographics
At the time that data for this study were gathered, records existed for 1688 higher degree research (DR) students, which included both MSc and PhD programs. Students initially enrolled in MSc programs and for whom there existed evidence of upgrade to a PhD, were treated as PhD students. A further 139 MSc students were clearly identified as such and are so labeled throughout this study, while another 484 had no program recorded but were treated as PhD students. Again the latter assumption is based on the fact that few (~8 %) MSc students actually complete this degree, with the vast majority converting to PhD candidature as this is the preferred higher degree for DR students in Australia.
The distribution of a total of 1688 DR entries across the five key areas of the Faculty of Sciences at the University of Adelaide is shown in Table 1 . Of the students with an identified degree, the vast majority (92%) were enrolled in a PhD as their terminal degree. With some 30% each of the total, most DR students were enrolled through the Schools of Earth & Environmental Sciences (E&ES) and Molecular & Biomedical Science (M&BS). The Schools of Agriculture, Food & Wine (AF&W) and Chemistry & Physics (C&P) each enrolled about 20% with the remaining 3% of DR students enrolled through the Australian School of Petroleum (ASP). Values in brackets represent the percentage represented by each gender for a given School.
Other available demographic information for the DR student entries is summarized in Table 2 . For those students for whom a classification was entered (n = 1196), 24.3% were international. Of the remaining 75.7% designated as domestic students, most were citizens of Australia (92.5%) or New Zealand (2.2%) or permanent residents of Australia (5.3%). Again for the students so identified across the entire Faculty of Sciences (n = 1197), 56.1% were male and 43.9% were female. Schools where female students predominated include AF&W and M&BS (Table 2) . Overall, students were most commonly less than 35 years of age (i.e. 43% were < 24 yrs and 43% were 25 -34 yrs). Students designated as international and for whom an entry for country of birth was recorded were distributed as detailed in Table 3 . Both Asian and European countries were well represented overall but, typically, with only a small number or single students from specific countries. 
Completion Trends and Candidature Durations
Even within the assumptions made for students where a completion date was not indicated (see Methods), completion rates were well below 100%. Clearly, in the cases where commencement occurred in more recent years it is likely that such students were still actively engaged in research and perhaps were still within the initial candidature time. Conversely, for those who commenced before mid-2002 and could be reasoned to have had sufficient time to complete by the 2006 date of this census (assuming a typical PhD completion time of approximately 4 years), only 50% of students with specified start dates (n = 480) had a recorded completion date and therefore were deemed completed. It is likely that actual completion rates are higher and that completion details for some are were yet to be entered.
For students for which commencement and submission or completion dates were recorded (i.e. up to 376 students) it was possible to calculate total candidature times. Across the Faculty of Sciences, the average time to submission of the thesis was 4.3 years (Table 4) . Averages for individual Schools were of a similar duration with two exceptions: C&P showed a reduced time of 4.0 years, while submissions in ASP took an additional 12 months. The latter value should be considered with caution as it is based on 4 individuals only. Differences were also seen in the time to thesis submission according to gender such that males required 4.1 years compared with 4.5 years for females. Similarly international students submitted after 3.9 years compared to 4.4 years for domestic students. In all cases, revision time was similar with a Faculty average of 0.4 of a year (approx. 5 months). 
YEARS TO COM-PLETION (LESS LEAVE)
Aust. Schl. Petrol. The average total time to completion (i.e. time elapsed since commencement) for the Faculty was 5 years, with most schools approaching this number (Table 5) . C&P was the exception with a time for completion of only 4.3 years. Gender differences were again evident with females taking approximately 11% longer than males who finished in 4.5 years. Similarly, international students completed in a total average time which was almost 10 months shorter than domestic students. Average time to completion was also the only data set for which it was possible to assess the impact of award of a scholarship (full or supplementary) on PhD progression. Thus, for the 302 students who held a scholarship during the course of their candidature, the average time that elapsed between commencement and completion was 4.7 years whereas the 74 students who did not receive a scholarship required 6.1 years to complete.
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The further parameter to be considered in the context of completion time was the amount of leave taken. The values recorded correspond to leave above and beyond the permitted 20 days annual leave and are in fact periods of absence or intermissions of candidature. On average, such leave, which equated to between 0.1 and 0.2 of a year (i.e. 37 -73 days), was taken by some 300 students. No marked trends were seen across Schools or demographic groups in terms of leave. As such, all average actual completion times (i.e. completion time minus any leave) were reduced by this average (Table 4) . It is worthy of mention that there was no correlation (R 2 = 0.001, data not shown) between age of the students at the commencement of study and the duration of candidature (less leave).
Given that recorded leave is additional to annual leave, any period taken may be considered an important interruption to progress of the candidate. From Figure 2 it can be seen that about one third of all cumulative periods of leave equated to less than 1 month. A further third extended from approximately 1 month to 3 months, with about 10% of leave taken in amounts which total between 1 year and nearly 5 years. The average period of leave taken across the 300 students against whom leave is recorded was 148 days. Marked deviations from this average were seen in ASP, which had an average of 58 days, and international students for whom the average was only 62 days. Female students took slightly longer leave (179 days) compared to males (115 days), but the values for the former include some instances of maternity leave. Consideration was given to the possible link between periods for leave and time to completion (less leave) but no correlation was found (R 2 = 0.102; data not shown).
The final parameter to be examined in this study was the average candidature duration across year of commencement. As can be seen from Figure 3 , average candidature duration across the Faculty of Sciences was of the order of 6.9 years for students commencing in 1996 and who had completed. This value declined to a value of some 4 years for students commencing in 2001, and ultimately to about 3.7 years for students commencing in 2003. To estimate attrition rates, totals for completed and non-complete (or continuing) students were determined for the years 1996 to 2001. This interval was chosen as students commencing in 2002 or before will have had at least 5 years by the time this census was taken in 2006 to have completed their PhD. Accordingly, 139 students out of 420 had not completed, thereby yielding an apparent attrition rate of 33%. 
Discussion
This longitudinal study of the DR student cohort of a Faculty of Science within Australia reports on the demographics and completion patterns of this population and reiterates the existence of significant attrition and suggests trends for particular groups/areas. Accurate estimates of attrition are difficult as students often do not formally withdraw or may in fact complete many years after commencing their studies. One approach therefore is to set a reasonable candidature duration as the basis for determining non-completion. In this study, 5 years was chosen, whereas others have used 7 or 10 year timeframes (Council of Graduate Schools, 2008) . Here it can be seen that PhD students within the Faculty of Sciences exhibited an apparent attrition rate of 33% (i.e. 1/3 failed to complete within 5 years of commencement). This information alone is an important outcome of this study as it permits a degree of benchmarking. To that end it can be stated that the observed attrition rate is in the lower range of generic values reported previously (see review by Bourke et al., 2004 ) and comparable to rates determined specifically for the sciences (Elgar, 2003; Wright & Cochrane, 2000) . Reference to data from 34 Australian universities shows that an attrition rate of 33% over 5 years compares quite favorably with the national average of 47% even after 7 years (Martin et al., 1999) .
Perhaps of greater interest are the trends seen in candidature duration as well as across discipline areas (Schools), gender, international vs. domestic students and those with or without scholarship support. Australian universities receive a fixed amount of funding for the completion of PhD students through the Research Training Scheme. No funds are forthcoming until the student has completed, and the amount allocated is fixed even if the student requires more time than the target of 4 years. Clearly a student taking 7 years to complete, for example, is likely to require greater resources which will not be compensated for by the RTS contribution. Timely completion is therefore essential. Consequently, practices which encourage or allow timely completion in this faculty are of great interest. As such, the attributes of PhD students with the School of Chemistry and Physics, who are able to complete in a candidature time (excluding leave) of 4.1 years compared to a faculty average of 4.6 years are of great interest. Further investigation will be required to determine which of the 3 broad factors, i.e. student attributes, supervision or infrastructure, contributed to the success of these students. At this stage, however, it can be stated that these values compare well with 3.9 years reported by Bourke et al. (2004) for Science PhD students at another Australian university.
While Wright and Cochrane (2000) and Seagram et al. (1998) found little difference in completion rates with regard to gender, in other studies, completion rates were around 10% higher among males (Council of Graduate Schools, 2008; Siegel, 2005) or predicted to be 3% higher for females (Martin et al., 1999) . In the present study, males were seen to complete quicker than females, i.e. 4.4 years compared to 4.7 years. While these values exclude any periods of extended leave, it is worth noting that females, on average, took more leave (179 vs. 115 days) during their candidature. Although it might be reasoned that the amount of leave taken could be linked to the extent to which personal issues adversely impact on progress of the PhD, there was not significant correlation between amount of leave and cumulative candidature duration. Extended leave does not therefore appear to be an indication that the student is having difficulties and may not complete in a timely manner. Instead, the extended leave by female students, which in some cases includes maternity leave, may result in their candidature experiencing greater disruption whereby resumption of their pre-leave rate of research and ultimate completion is slower.
Whether the students were international or domestic and how this affected candidature duration also proved to be of interest. International students completed quicker (4.2 vs. 4.6 years). In contrast, Wright and Cochrane (2000) found no difference between local and overseas students, whereas completion rates were 10% higher for international students in the USA (Council of Gradu-ate Schools, 2008) . That international students have been shown to complete quicker may be attributable to several possibilities. Admission into programs for international students is often more competitive than for domestic students and hence the former cohort may, at least in part, be of a higher academic standard. Alternatively, the stay of an international student in the host country is often limited due to visa restrictions. As such, these students may be under much greater pressure to complete within the timeframe stipulated for the program.
The final parameter that was examined in this study related to whether or not students held a scholarship. Those that did completed about 25% sooner (4.7 years vs. 6.1 years) than students without a scholarship. At least two explanations may be put forward for this difference. Students who succeed in attracting scholarships are likely to have a better academic record; hence they are likely to be higher caliber students who are more likely to succeed. Alternatively, students without scholarships may be required to work longer hours in paid employment to support themselves (James, Bexley, Devlin, & Marginson, 2007) , thereby detracting from work towards their PhDs.
Conclusion
From the data reported here for one Faculty of Sciences, several parameters have been highlighted through their association with students who completed their PhD in a timely manner. Such students are likely to be in the School of Chemistry and Physics, be male, international students who hold a scholarship. The latter two parameters suggest that this cohort of students are likely to have been subject to more stringent selection criteria and/or to be under greater pressure to complete within a given timeframe. Consequently, it could be argued that entry requirements for domestic PhD students should be increased and stricter candidature times should be applied. With regard to the former a first or upper second class first degree has been shown to enhance completion rates by some 8% (Wright & Cochrane, 2000) . The application of finite and widely promoted candidature times could easily be implemented on a trial basis for evaluation. The notion of a finite candidature time followed by a financial disincentive is something which has recently been explored and found to be effective in some cases. Garibaldi, Giavazzi, Ichino, and Rettore (2007) report that a €1000 increase in the continuation tuition fee resulted in a 6% decrease in the probability of late graduation. Of course, such disincentives will be less effective for students for whom the delay in completion is not under the own control.
Apart from the above parameters, some of which warrant further investigation, there are others for which the data should be collected so that their impact might be considered in the future. Such parameters include student attributes (i.e. academic record, English language proficiency, communication skills, disabilities, number of dependents, financial situation, support from friends and family, etc), research infrastructure (i.e. extent to which the research/study facilities fulfill the needs of the project, project funding, access to key equipment or facilities, travel support or funding to access specialist facilities, library and computing facilities, etc) and supervisory arrangements (i.e. nature, frequency and effectiveness of supervisory meetings, nature of student induction program, supervisor experience, involvement of student in presentations/publications, introduction to and interaction with peers, etc). Such data could be readily collected through questionnaires or interviews of individual students as described by other researchers (Ali & Kohun, 2007; Earl-Novell, 2006) or via further interrogation of institutional databases. With this information at hand an institution will be better placed to evaluate the extent to which all aspects of the "DR completion triangle" (Figure 1 ) are being supported. While some of these areas, if shown to be lacking, may be easily addressed by the institution, others relating to student and supervisor abilities and psychologies may be more complex. Even so, some promising inroads are being made in these areas (Kearns et al., 2008; Marsh, Rowe, & Martin, 2002; Wright, 2003) . Improvements in PhD completions and the quality of the PhD experience for students, supervisors and the host institution therefore seem achievable.
